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ABSTRACT : PROBLEM TO BE SOLVED: To provide a piston ring and a combination structure of the 
piston ring and a ring groove of a piston superior in wear resistance, scuffing resistance 
and adhesion resistance, and having hard carbon coating superior in peeling, resistance 
formed thereon. 

SOLUTION : The hard carbon coating 2 continuously formed on whole surfaces of an outer 
circumference surface 4, an inner circumference surfaces 5, an upper surfaces 6 and a 
lower surfaces 7 of the piston ring is preferably hard carbon coating containing Si with 
having coating containing Si formed as undercoating thereof, or hard carbon coating 
containing W or W-Ni with having Cr coating formed as undercoating thereof. Moreover, 
ion plating coating of hard coating is preferably formed as undercoating on the outer 
circumference surface of the piston ring. 
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<X7texh>"jy^fi:«8t^S^IK3, T«feSK9fe 

xxm9mm&m^m&Ltii^iz}i^xii, wtt 
j&^3 1 tcsMLfc ex y-yv yfcoftmw 5 -e 

V^^k* ^ $)i» (06 (b) > . 06 (a) (±- 

x-%z>. 

[0049] LfrLtrffit*, *%BHioexh yv yy 

2wtf&!&.ztix\y%\ l ^m. (¥fmmL3 2 kvva . ) 
4>^-cft-?-c ex kvu y^«si: vxn 

^co J: 3 $:1#5£gW4£*-r& ex h yy y^ti, : #JSS5 
-e^Koex h yj y^co^i=ns«i»jig^K2*^ 

[0 05 0] ZObZ, 06 (b) tl^id^ 
Uti5tffeffi?2l4, ^<0^gM>i3 2 (K^A3 lfci O 
5 «0£T 2 HX W^rV %gB 

-a) CfcV^T, «5»03-' ^— 3 3*'^rt^H5C0 
tf^WCHlOCtJj: 3(c0«SiiS..*3-- 33 
A^rtJ^B 5tf5+^l6jteHI 0 i tffj-g-i: tTti. ex 
hvyy^K^JPStk, ±Tc0 3 — t, 
fc@032,tf*§t lkcoJt*^ tl/t-l/lp'fl 
±, ■riflri>%, t ltiexhixy V:/l£#:<DJ?3t<D 
1 0 %tLtt*$>S £ k * LV%. i<0i o 5r«®T'^ 
jR8nfc*«l«ftK2«» ^^5gSS82*^)«Sfl 
^<=5r&«*JI34*i, a -r j— 3 3<t0 t>rtjg®5<0 

J^^k^i^rOSSV^. *OtSJH, -€-3 L3t^gM43 2Sr'ai 
2. 3®Br) *f*exbyy>^i, ^ 
v«iiJJieS:-fiix.-CVvi ( „ ^-ij^ l>W7>tt^ 
gpfii*»'^<s ^ffl&SSUTtfciOT'fcSClka^diL-C 

[00511 &*J, «®^K3-C**>«.-f ■sj-yrix- r-f 

yy&.f&%Tt&&Mb Lxftmm 4 ex h y y 

y^l(±, WBCr-M, Ti N % Cr-O-N, C 
r - B - N^(0ft-^!I*^^S®«feBg3 Sr^'f * V 

TV— f -< y^Slg^«t 0 ex h >- y yf#tt8±.iz& 
i^^Rmitx^-y^yy/^a^tc-* 



!( 7) 00 3-1 13941 (P200 3 -chB4 1 



[0052] (2) WhyjV/kWh^'JV/ 

@7«u txh-yu>^ttfxby<ouv^t coffin 

[ o o 5 3 ] trx h y v yy 1 1 h y yym 1 
lt<oa.»-&4yfr«Jt«, ±itLfc*»HB«e^bvy 
y^l fc. Xf— ;H84fcttr;l'5-'>A-^9!*»fe'5: 
t'jy/IiitKflMl3hJ. tf^S>-yy^i<7) 

coo 54] jjst^^coexhvy y^i(±. a 
i •S-^gkotrx i- vfcjf^- ;HS<o i- >(c*t 

h y^mwmwx h yiztt lx &m lx t x v>. 

[0055] Al-^&SSOtT^Mi. Al-Si-N 
i -Cu-Mgl^ (mtf. J I S3£tSI5#-C. A 
C8A, AC8B, AC8C)M^t(W^L< 

[0056] Xf— /MReoe;* h ^I^ri! 1 1 
Sit. JWfcWfctt. SKD6 ( J I S^telB-f-) *^=5r 

[0057] ^tmotrx i- ^y yy l Sr. miiaotrx 
h yiz&f&ztix y i i (c*aw* ztizx 
o . -e<oy >-^« lit t-x hyuy/i tvmnwtt 
m&zwtixim tzwm* h -r t § . 

[0058] 

WJl. 2?>t?tj££^LT^£>. 

[0059] (mmmi) ncrxryuxmmw 
xhyv y?m8Zimi>ti. acwe. zcoitft. -t 
&;bt>*1-J3H4, rtJ3®5, ±®6iJilTFM7(.=;, S 
i*<om§^fe!£2£CVDi£SfcJ:91&£L*:. - 

^ l/tSQfcflaiiwtAhyy yyztfmLtz. 

[0 0 60] Si^SfSSftM2a < 
^ffi^^RJE^SrS'Jtai-r&ittCiO. Si :6 
9. 4wt%« C :SSP, fcitPFBTiS^^*^^* 
iffljSi: U #®tf>J*$£. 9mffi4 : 9. 9junu rtJS 
®5 : 6. 5;unu _WB6 : 7. 5 jumfc itfTW7 : 



6. lumtLfiz. 

[oo6i] imm2) mmmuz&^x. sijkn 
&wmm&%k2zmfcrhiR<7>\!:x h>y y^#*rso 
^jgs4tc, ^ yri/-t -f ^/hcj: Of ? 3 o 

junU01gfl&ffi3 (Cr-N&ffiS) fcJBlftLfc. 
*H4, *S6fia|li:Pl«^L'Cs satfl2»Mh^'J>' 

[0 062] -f^yrw— y'-^-v^Kti, 4* 
yri/-f -fV^SCi o±tc { 2 0 o } tcffifabfc 

CrN*it«r»«Lfc. -f JfVTV-v-r V? 

©£*rV\ fiS 1 jum R z 5 fcrfHSLfc. Wc& 

-f-(^AJfi<Ot7/|-X«SliHv 1 5 0 ot-*>o 

[0 06 3] (mMms) msm2&ii^x.m&tim 

3 (Cr-NSK) Sr^t^. S i^kn^mMA. 

§12 Sr^-r 2»mot:x h y y v^a»8 co^jatc v 

DimiZiKtmZ lum<7)S itt&f& (S i : 7 2w 

t%> s:TtasK9t u-cjBfigt^:. ^wami. mm 
m2tmmzLx. mttm3wxvyvy?itfmh 

[0064] {mmmi ) mmm 1 tcfcv>T „ -e^jg 
s i ^jmmm&m 2 sr c v d ^sc i 0 Mts 

^•y ^ y yyigmzz. <om^,vtz . **U2W±. 
lfcP^tcLT. ^jfemwexh^y^Sr^fSL 

[0065] =5r*5. W^W«®^S*SI2«, W^-y 

fctciO. W: 7 5wt%, C : m®. &iHPF*Ii®F 

tmfr^hmLtL. &m<nma*. wa®4 : 2. 

ljum. 1*1^® 5 : 0. 4^m v J1BB6 : 1 . ljumfc 
j&TWl : 0. lumtLtz. 

[0066] (mmm 5 ) mmm4 tzts^x , wmnm 

KM^*)K2Sr^^t«.B?«ot:x h y»y?mt8cWV 
WffiAlz^ ■4jry7U— J r4yf r $£Mlz£*)M23 0u 
m<0®^ffii3 (Cr-NfiH) Sr^Lfc. -eni^WI- 

ti. hm^j 4 1 isi^c u-c . mmm swxvyvy? 
[ 0 0 6 7 1 =5c*5. -r ^y/^-t ^ v^su^Pfflc 

[0068] (^SfiWI6 ) j|)^fi?y5{Cl3V^T, 

3 (Cr-NSK) Sr^bfef*. W^lggg^^BI 

2*Bfc?z>1fi(o'exbyvy7'mi8<7)£mz'(*y 

7V— r-f V^a^iOJ»$0. 4/£m<0Cr&BI 
(C r ) ^TJfe*)S9 f: UMU. -eh.UWKi, * 

jfeCT 5 k 1 1 , ^MCT 6 co v y y y?*«m 
Lit. 

[0069] (mmmD mmmuza^x. *<?>km 
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J5tt^N--y ? U V^StCfc O^kLfc. ZtlWHi. 

[0070] 2r*i. W-N i ^S®^SM2(±. W 

Sr^J^SClfc^iO. W: 7 5wt%. N i : 8wt 

#®OJi:SS-. ^mffl4 : 2. ljum, P**jg®5 : 0. 
4iim. ±S6 : 1. 1 jumii J:tnT57 : 0. 7jum 

coo7i] (mmm8) mmmi iz&^x , w-ni 

3 0xtm<7)5S©ftll3 (Cr-N&M) Z&f&Lte. * 

tiwm. mm7 tmmizvx , nsgfajswtxby 
[ 0 0 7 2 ] 3r*5 > 4 tyri/-f -r yf&mcowmiz 

"9WC»i, ^feCT2lCg^Ot,(?)fc|el«-CS>-l». 
[0 0 7 3] (*WJ9) Slife0fl8fc:fcvvt. 
3 ( C r - N&M ) S:ML!tS; W^^HIfai 
2$-^-r2.f9£Ot:xh>'U ^#«8<0^lcf Ji-y 
yU~^y^SI,ZX*)m^0- 4;umcOCr&JBI 
(C r ) £Tm£&9 1 UCJBflfcL*:. **U20Hi; H 
SSW8i:PI«tcL-C. §^#J9^exh:xy V^£#8? 

[0 0 74] {i&mi) 17CrXf^SIM<0t 

xhy>j>-^©«8Sr-f^saL.3t. &wc\ tweaxv 

2 £C VDSSMfc: J: *)Jm.LX\ KMfrl 1 «tx b>U 
VT^-f^SSUS. =5rfc. Si^cD«IOSt3t&ffi|2k)U ^ 

i : 69. 4wt%, C :^gf N ti £Xf^Wm®lt(> 

[0 0 7 5] (Jt«^J2) 1 lCrX7->V*m§k<0\Z 

v>f&ti8<r>£mz^ #*m\3m*mL, 1 o 

-f ^vrV-T-K y^S^i: 0SSSK3 (Cr-N 

[ 0 0 7 6 ] =5:33. #XM*t*fl3IM:, T^-T^-jiltf 
XS?ffl§WC5 9 0*Cx6l$[g{3y$U S^fc, 54 0 

•cx 2 BsraeMt lt ±ie^$ 0)7trxmim*mtf<. l*s . 

SEtfc. fi&^gftJI&3£7 0,umi:L*:. JE^SS 
*x£#x§fl^<9h'y#-X®S«:Hv 1 1 O0T'&-? 



[0 07 7] (SM^H) SS$SS!Mi. 

^w^sis-fr, mLifmvxfi'tti. wmtLx 

ti. ^fi«l~9fcJ;t/ibfi!^!l2Wt-Xhvi;y^i:PI 

•mmm •. 9 y-t^Hs < l-f-xevK^jwa^a) , ?s 

SS: 80"C> MSA: lm/& (4 78rpmK .:■ 
1 5 0 k g f . gt^ra : 7B#HiO^T-C, tfnv« 

«wt.. m%.miizmitixLL*:&. mm^coMfrz & 

iofcffl&L*:. ^fia^as^ti. a$ffk«tss^r 

[0078] wgBf^ffikL mmm 1 ^-9 tztn&t2>&i& 
^tco^asr, jt«^2(c«j5-rsisswo^«a(c 

x. zimxcoimmw}*! 0 0 «t wat-gsRa 

cO^«^Sti 10 5-10 8T$> 0 > itsefl?9 2 fc:*tJK-r ! 
[0079] (^•y7S«) -X*y7MM&. TAX 

xfi-vymLtx'ttmifkttiiitxft^KL. tm* 

;UJ*li^p D n) , lm/# (478 rpm) C^lrfr 

tx\ #aym®ztt*ttbLxft'>tz. ;«oy« 

[0080] bxa v ymt, imm2i,zttm-t&tm 
ftwxijs yft&imt: looku mmmi^iztt 
fcth&wmknxti -/ 7^^rs$r , vcMm 2 tMjc 

L^. fil-pT, SISfiWl~9t=St*B-rS# 
WmtffMXAvylZWfil 0 0«tO±#VHJi:\ 
•/7f6±?gfS^r<=5:0. itlSW2t*fj£-r«»s5^M- 

tc«lG-rS«-l«KM'OiSx^ -/ 7*gjR{4. 1 1 0~2 0 
[0081] (KfJStttlfiK) WWHttOtOlU:, NP 

R^mmmgm. (^033 6-i9046^»->i 

(c 1 0 4 3 . 1 mJ (4. 4 kg f • mm) <0® 
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!SH*£4fv\ W*8«tt0>*«trfr->;fc. MB*)****.' 
i£B3£ 1 5tefcfc*LT8l3£U WBLfc. I28«u A 

K*5V>-C, 2 ltitXh^yy^. 2 2ti£E^. 2 3« 

[0082] BMKttfct, \mm l ofSl*K-<Di!lBi?l£ 
BSC* 1 0 0 b b , *!fe09 1-9 <0i£i*K-<0§WI?&£lH] 

gcsrjtwj i commzm-hmmmmt lxuml 

0 «t 0 t>*# < h k v Jt&M 1 cots®** 0 t>^-v>tU 

zbt*%>. m&mi-9commm^tmt. 1 io~i 
2 ox'h*)* imm i oex b w v7\,z&.^ mmm 

mz&ixX v vfc . &&&m 2 iztjk Lfc . 
[0083] (fcfc&feNfc) fcfc*tSHUt,-H9fc«r*- 

fctWWi: LTtt. ^m~9&lV*tf&Mli:PJ8t 

ISS^m±. Xho-? : 4mm, tSOSEU* 
50 O0/4K Vyfmmit : 3 r pm. 
1 OBSfik tfXbVWiaS: 34 0*C. fcfXM-' 
«:A1^ (AC 8 A) fcitfX?— /H* (SKD6 



[0 084] -1C1T\ r-$-/<9fc*;£ISi&j fctt. 

h y« 5 3 swum 5 1 (=«■ mmrnvpFrnzsm 

U tfXhy , J>'^*t5 2?:exhXW5 3tC|Sl'D^ 
&6. 1£S*«5 1H, tS&fctfin&fflOb-* 5 4 

[0085] *SJfttt, WhViJ V^co±T®t=:*ittS 

BBfagRT^Lfe. {-oat*. ititm2covz.h>wm 

OOfcU WfeW|l~9O*lfigi^^mS-JtKff92<0 

mmzftthm&mk LTit&ut. &->x. mmm 

l~9<0gM®&8ttU 0 0«tO^SVHii:\ gBRM*** 
^<^r0. it«tP«2J:'3i.W^1±tc«nSiti:=5: 

s. ±TmizwnmmAm2i:^'thm&mi'-9^ 

7 0~9 0CO^HT'*>0, to^2^iSII*-«fc>)k^L 

< mmz& izmix v ^ . %<?>Wi%k*m.2 icsrr . 

[0086] 
[*ll] 
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Silfe 


Si^ 
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nmm* 




5 L 


w% 




W26 








IPJEK 








Wife 




mm 


We 


IPJKK 
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WIS 












£L 






W-Ni?& 


W — N19R 


W— Niift 




IPJ^JBI 


fcL 


W — Nl^ 




W-Ni3% 


W-N136 






iP^IH 










W-Niife 








?L 








Si* 






GNFS :£J3 












IP* 




UC^N). GNU : 


SB. CrN:. 





[0087] 



[^2] 
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*£cd ;bi*8i it 










SI* 




mm 


St A ft ft 


m& 


fi» 


mmm 


±T® 


±T® 




JtTffi 




ft® 




108 


200 


11 0 




80 


80 




90 


70 


mmm2 


108 


200 


1 10 


fcL 


80 


80 




90 


70 




108 


200 


1 20 


£L 


80 


80 


£L 


90 


70 


mkm* 


1 OS 


1 io 


1 10 


*U 


80 


80 


£L 


90 


7 0 




105 


1 IO 


1 10 


&L 


80 


80 


£L 


90 


70 


mmme 


1 05 


1 IO 


1 20 


&L 


80 


80 




90 


70 


mmmi 


1 05 


110 


1 10 




80 


80 




90 


70 


mmms 


1 05 


110 


1 10 




80 


80 




90 


70 




1 05 


1 10 


1 20 


feu 


80 


80 


£l 


90 


70 








1 OO 




80 


80 


£L 


80 


80 




1 OO 


1 oo 






100 


lOO 




1 00 


100 



«*fc*u5r**ofc. ±TB*0WW6ttW*t<rtl. 

3RftK2t»Jftt*il:(cJ:0. WM*tttct>«*Vtyv 
fc. 

[0088] 

[»»*«&*] l*UJBWiLfcJ:3t=, *^Bflcotxhy 
W&nz Xtitt. ex h v y v?<fex<nW£&&&&&. 

x* »7tt«cflHi< fl-o. «*3B*e«?i«9S8at^rr a 
exhyy >rzm&t h z. t a*rs z? bJt#S6 
H^coex h y y y^tt. #v y i'lfyyffliwjcfe- 

[Hi ] *»Haotx hyv >?co--mzvitffimmx' 



0T'J>S. 

.^<0-W*wrtKIBHT'»ft. 
[H4] T*«R (T«ftBl9t«»*«l.3 ) 

*ut*fHB<o tx b y u >r<7>- mi.Tfrrmmmxh 

[05 ] ««iS3!tlfeffittf>S i ««Jfc«fr«iWS«^|ltR 

[06 ] Bfti&juc-b «y b snfcex b > y yrmttco 

¥®0 ( a ) & £t£&fcBJle>t;;* U >r*m&M. 

[07] *f6B8<oex by yy^tyv^at 

[08 1 n p Rimmm&m&&mmmx'h & . 
im9i mwL#mmtmmx'h&. 

1 tx>yjy/ 

2 ffiUKSftK 

3 «KftK (Tife£Bt3) . 

4 

6 ±® 

7 Tffl 

8 vxvyyyymt 

9 Ti&feK 

11 yy^si 

12 >'J^5'(+- 

13 ±Tffi(fflSjB) 
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[H7] [081 
12 (a) (b) 




<72)*«# mm 



F*-A<##) 3J044 AA02 BA04 BB14 BB26 BB27 
BC03 BC06 BC07 BC08 CB01 
DA09 



